The object of this report is to record our experience with six patients in whom urgent surgical measures becaniz necessary as a result of cardiac valve destruction following bacterial endocarditis.
The patients constitute a group of six in a total of 200 valve replacements and have been distinguished from three patients in whom, as a result of bacterial endocarditis, valve replacement was undertaken as a routine measure, and 11 patients in a series of 115 mitral valve replacements in whom bacterial endocarditis occurred before surgery.
On one occasion the aortic and mitral valves were involved, on three the aortic valve was involved, and on two the mitral valve was involved. AORTIC Operationt (26 March) Ventricular fibrillation occurred on induction of anaesthesia. It was rectified at once by external massage and electric countershock. Circulation was then maintained until cardiac bypass was established, by cannulation of the left external iliac artery and the right atrium, after vertical sternotomy. As soon as bypass was established the aorta was opened and coronary perfusion was established. The aortic valve had vegetations on all three leaflets. The right leaflet had been almost completely detached and was lying in the cavity of the left ventricle. The left leaflet had numerous friable vegetations on both surfaces. The non-coronary leaflet was distorted and had vegetations on its ventricular aspect. The remains of the valve were excised. When this had been done, two perforations, one above the other, could be seen in the aortic leaflet of the mitral valve. These resulted from the contact of vegetations where the left leaflet of the aortic valve impinged upon the aortic leaflet of the mitral valve. These perforations, which measured 4 mm. and 3 mm. in diameter respectively, were closed with interrupted sutures reinforced with teflon buttresses. When this had been done the aortic valve was replaced with a No. 10 Starr-Edward's prosthesis. In the region of the right aortic leaflet there was no ledge whatsoever. just a smooth surface, and large bites of ventricular myocardium were obtained with the sutures.'The postoperative course was uneventful. He was discharged on 9 April and has remained well. Culture of the vegetations from within the left ventricle was sterile. Fio. 2. Case 2.
group.bmj.com on June 22, 2017 -Published by http://thorax.bmj.com/ Downloaded from 39.20 C. at night. The pulse rate was 120 and the blood pressure 100/70 mm. Hg. There was a faint apical systolic murmur. The liver was enlarged 5 cm. There was no splenomegaly. The haemoglobin was 7 g./100 ml. Blood cultures all grew Neisseria perflava. The same organism was grown from a tonsil swab. On S January 1966 an aortic diastolic murmur was noted and signs of aortic incompetence soon became apparent.
Antibiotics were begun on 5 January. The infection proved most resistant, and, despite adequate dosage with successively penicillin, streptomycin, erythromycin, and cephalosporin, the headache, anorexia, and raised temperature continued. The temperature finally became normal on 3 April, and thereafter remained so. The medical aspects are to be reported elsewhere (Breslin et al., 1967) .
Throughout this period the haemodynamic state worsened. The blood pressure was 120/40 mm. Hg. There was a well-marked gallop rhythm. Pulmonary oedema supervened. Vigorous measures failed to improve the situation. The heart continued to enlarge. The chest radiograph (Fig. 2) showed pulmonary oedema.
Cardiac catheterization and cineangiography revealed gross aortic incompetence with slight mitral incompetence.
Operation (18 April) There were numerous vegetations on all three aortic leaflets. There were two perforations in the right leaflet, one measuring 4 mm. in diameter and the other 2 mm. A large perforation in the non-coronary leaflet measured nearly 1 cm. in diameter. These two leaflets were, for practical purposes, destroyed. The left leaflet was normal except for attached dependent vegetations. All three leaflets were excised and replaced with a No. 9 StarrEdward's prosthesis. The aortic leaflet of the mitral valve was inspected and proved to be normal.
Post-operative recovery was uneventful. The patient was discharged on 10 May 1966 and has remained well since. Culture of the vegetations was sterile. CASE 3 (E. L.) A 34-year-old mother of two was on holiday on the Queensland Gold Coast when on 1 September 1965 she developed a febrile illness characterized by rigors, listlessness, and tachycardia. She was seen by a doctor, who made a diagnosis of bacterial endocarditis on the basis of fever, tachycardia, and a basal cardiac murmur. She denied knowledge of a previous heart murmur. Blood cultures grew Streptococcus pneumoniae. Parenteral penicillin was begun. Her condition slowly deteriorated, and on 15
September she was transferred to the Chermside Chest Hospital in Brisbane.
On admission she was comatose. She had a left facial palsy, bilateral extensor responses, and a stiff neck. Blood cultures taken that day were sterile. The cerebrospinal fluid was turbid and contained many polymorphonuclear leucocytes and a small number of Gram-positive cocci. Culture was sterile. Auscultation of the heart suggested aortic incompetence. The brachial blood pressure was 80/35 mm. Hg. The haemoglobin was 12-3 g./100 ml. and the white ceU count 11,300. A chest radiograph showed a heart of normal size. The E.C.G. showed first-degree heart block.
Therapy consisted of 16 million units of penicillin intravenously and 1 g. streptomycin daily. The penicillin was gradually reduced to 1 million units every six hours.
Improvement was dramatic. She soon became conscious, and at the end of a week all neurological signs had disappeared. During this period the cardiac sounds changed appreciably, and on 24 September the predominant bruit was a harsh machinery murmur maximal at the sternal edge in the fourth left intercostal space.
It was not until 7 October that right heart failure became evident. This became severe. The heart enlarged rapidly and pulmonary plethora appeared. The electrocardiogram showed complete atrioventricular dissociation. The cardiac signs were those of gross aortic incompetence and a probable sinus of Valsalva fistula.
On 12 October she became oliguric and confused, and by 14 October was anuric and comatose. Peritoneal dialysis on 13 October resulted in the removal of 5,900 ml.
She was seen by one of us (H. W.) for the first time on 14 October. It was felt that only urgent surgical intervention offered her a chance of survival. This was proceeded with despite the absence of catheter studies.
Operation (14 October) Cardiac pulmonary bypass was established by cannulation of the left external iliac artery and both venae cavae through the right atrial appendage, after vertical division of the sternum and pericardium. A marked thrill was felt over the right atrium, and it was obvious that there was a regurgitant jet into the atrium just above the tricuspid valve. Before the institution of bypass the heart went into complete heart block with a rate of 30 and a marked fall in blood pressure. Following the institution of bypass the patient was cooled, and at a temperature of 30°C. the aorta was cross-clamped and the right atrium opened. There was a fistula present just above the tricuspid valve measuring 8 mm. in diameter. It was closed with interrupted sutures reinforced with teflon buttresses. The aortic cross-clamp was then released. The left ventricle filled with blood, and it was quite obvious that there was severe incompetence of the aortic valve. The aorta was again cross-diamped and then opened with an oblique incision just above the valve. The non-coronary leaflet had literally been swept away. Its place was taken by numerous vegetations dependent in the cavity of the left ventricle. All evidence of its previous attachment had disappeared. The other two leaflets were relatively normal.
Perfusion of both coronary arteries was started and the aortic valve was excised and replaced with a No. 8
Starr-Edward's prosthesis. In the region of the noncoronary leaflet the stitches were passed through the aortic wall and tied outside over teflon. Defibrillation was easily accomplished, but the heart would beat only when stimulated by finger tap. For this reason a pacemaker lead was placed in the right ventricle. This satisfactorily activated the heart and maintained a reasonable blood pressure. The patient tolerated the procedure quite well and was in a satisfactory condition with a systolic pressure of 80 mm. Hg at the termination of the operation.
Post-operative Course Over a period of two days she became conscious and was able to breathe without respirator assistance. Kidney function returned, and pacing was necessary only intermittently. Cardiac rhythm varied between complete heart block, with occasional ventricular capture, to sinus rhythm. The blood pressure was 120/60 mm. Hg and the haemodynamics were quite satisfactory. This improvement continued for seven days. Culture of the vegetations removed from the left ventricle was sterile.
The serum bilirubin, which on the second postoperative day was 6 mg./100 ml., rose to 26 mg./ 100 ml. This was associated with a raised serum alkaline phosphatase of 60 to 80 K.-A. units. Flocculation tests were normal. Both urine and faeces contained bile. The urine and serum amylase were normal.
On 22 October she again deteriorated, becoming oliguric and semicomatose despite a good circulation.
Candida albicans was grown from the urine and faeces. Penicillin was suspended and nystatin was begun. The deterioration continued. On 25 October peritoneal dialysis was reinstituted, steroids were commenced, and loading doses of kanamycin and colimycin were given. The haemoglobin, which had been stable at 13 g./ l 00 ml., was now 8-I g. / 100 ml. A transfusion of 1,000 ml. of whole blood was given over 18 hours. At this time the Schumms' test, the Coombs' test, and the urine urobilinogen were all negative. Death occurred on 27 October.
Necropsy All the internal organs, in particular the liver, spleen, and kidneys, had areas of small yellowish nodules which on smear and culture grew Candida albicans. The spleen contained numerous cavities with thick yellowish walls. Post-operative Course Itwas apparent from the completion of the operation that the prognosis would depend on the cerebral state. He was slow to wake, thereafter was difficult to rouse, and within 24 hours began to have right-sided fits. During the following week the chest radiographs returned to normal. Haemodynamics and renal function were normal, as were the serum electrolytes and blood elements. The fits became more frequent, the depth of unconsciousness suddenly deepened on 7 April, and he died on 8 April.
The haemodynamic state had been rectified, but the addition of bypass to severe prolonged hypotension, acidosis, and pulmonary oedema proved too much for the pre-existing cerebral damage.
Necropsy A large area of cerebral softening was found. There were no vegetations on the prosthesis.
There was no evidence of infection in the other organs. (Table I) . It has become apparent that, in a certain number of cases, valve destruction is rapid and medical therapy cannot control the resultant cardiac failure (Table II) . This was the situation in all cases described. Cases 1, 3, 4, 5, and 6 were terminal when surgery was undertaken and all, despite infection, should have been operated upon at an earlier date. Bahnson, Spencer, and Bennett (1957) drew attention to the importance of a nidus of infection within the heart when they showed that infection could be controlled by removal of an infected silk suture. Wallace, Young, and Osterhout (1965) described the first successful excision and replacement of an aortic valve perforated by active endocarditis. Case 6, though not strictly comparable with the others, illustrates the value of the removal of a large source of infection. The patient has remained well in the 18 months since the removal of the infected prosthesis. The importance of the removal of a nidus is supported by the outcome in cases 1, 2, and 5.
The vegetations found in all cases were numerous, friable, and easily detached. Despite this, cases 1, 2, and 6 have remained free of infection since operation. Case 5 had active infection at the time of surgery, but the postoperative course and the subsequent necropsy findings suggest that the infection had been eradicated. Lerner and Weinstein (1966) given to the use of assisted respiration during the waiting period. Hypoxia was present in all six cases, but was most severe in cases 1, 3, 4, and 5. In cases 3 and 5 an endotracheal tube was inserted and pure oxygen was administered by intermittent positive pressure before induction of anaesthesia. In each case induction was achieved without incident. Cases 1 and 4 were severely hypoxic on arrival in the operating room, in spite of high-flow intranasal oxygen, and in each case ventricular fibrillation occurred. The violent struggling which recurred in case 4 might have been avoided if an endotracheal tube had been inserted before premedication, at which time the patient was co-operative. Once hypoxic restlessness is present the introduction of an endotracheal tube, without anaesthesia, is likely to be lethal. A tracheostomy might be more readily achieved, and perhaps has some advantages, but there is a natural disinclination to follow tracheostomy by median sternotomy.
Premedication should be used, if at all, with great care. In case 4, rapid deterioration followed its use. A pre-operative infusion of isoprenaline was found to be of some help in maintaining the circulation. Severe metabolic acidosis was often present. In cases 1 and 5 the pre-operative pH was 7. This cannot be corrected unless the haemodynamic state is restored to normal.
The period of greatest danger is from the moment of induction of anaesthesia until intubation. Provision for monitoring the electrocardiograph and systemic arterial pressure should be made before induction. The danger of reliance on peripheral arterial pulsation and blood pressure, in patients with severe aortic incompetence, is well illustrated in cases 1 and 4. In both the central aortic pressure was critically low in spite of apparently adequate peripheral pulsation (Table III) . The pump oxygenator should be fully assembled and primed before the induction of anaesthesia. This allows immediate establishment of bypass should circulatory arrest occur, as happened in case 4. Femoro-femoral bypass was not used, although it was considered, and preparations were made for its use in cases 4 and 5. On both occasions it proved just as quick to initiate cardiopulmonary bypass. Emphasis is placed on earlier intervention so that the need for supportive bypass will not arise.
All patients except cases 3 and 4 received 20 mega units sodium penicillin and 12 g. methicillin daily for two weeks after operation. This was administered through a percutaneous polythene catheter in the right subclavian vein.
Three patients, cases 1, 2, and 6, survived and are now well. The results achieved in these cases support the belief that, when there is an indication for surgical intervention on the basis of severe haemodynamic derangement, the infective nature of the condition should be disregarded. Case 3 died as a result of systemic infection with Candida albicans, and case 4 died as a result of cerebral damage. In both, the haemodynamic state had been restored to normal, and the return of cerebral and renal function which followed in case 3 was striking. CONCLUSION Six patients have been described in whom the problem involved cardiac valve replacement in the terminal stage of cardiac failure due to bacterial endocarditis.
In five of these sterilization in terms of preoperative blood cultures was achieved. This did not improve the haemodynamic state. In all, numerous friable vegetations were found at operation.
The major difficulty in management was the maintenance of an adequate circulation during the period immediately preceding induction of anaesthesia until the institution of cardiopulmonary bypass.
If, in the presence of bacterial endocarditis, the haemodynamic situation is uncontrollable, surgery should be undertaken despite infection. It should be undertaken before the patient is terminal, and cardiopulmonary bypass has then to be added to prolonged hypotension, pulmonary oedema, acidosis, and cerebral damage.
